IMPORTANCE Postoperative readmission data are used to measure hospital performance, yet the extent to which these readmissions reflect surgical quality is unknown.
H ospital readmissions are increasingly used as outcome measures associated with quality of care, and rates are publicly reported for private-sector and Veterans Health Administration (VA) facilities. 1, 2 Furthermore, the Centers for Medicare & Medicaid Services and many state governments impose payment penalties on hospitals with readmission rates greater than the national average. 3 Recently, attention has focused on identification of the proportion of unplanned hospital readmissions that truly reflect quality of care as opposed to factors that cannot be controlled. Readmissions after surgical procedures may be more associated with quality issues in the index admission than readmissions after medical hospitalizations. 4 Hospitals trying to reduce overall readmission rates may find value in focusing on surgical care. However, there is little agreement about how to identify which postoperative readmissions truly reflect surgical qualityrelated problems in the index admission; these cases likely require different readmission reduction efforts than cases not associated with surgical quality. 5 Early research on VA readmissions suggests that surgical cases contribute to 20% of all hospital readmissions. 4 Rosen et al 4 used diagnosis-related groups to determine that 40% of all unplanned surgical readmissions were clinically associated with the index diagnosis; 70% of these had a complication (eg, postoperative infection). Diagnosis-related groups are used for case-mix adjustment and to group patients by International Classification of Diseases, Ninth Revision (ICD-9) diagnosis codes, comorbidities, age, and sex. 6 In contrast, Morris et al 7 used data from the medical record review-based VA Surgical Quality Improvement Program (VASQIP) and found 56% of postoperative readmissions had a surgical complication. Hechenbleikner et al 5 found the proportion of postoperative readmission rates associated with quality of surgical procedure (identified through the National Surgical Quality Improvement Program, billing data, and physician review) varying from 51% to 86%. Surgical complications are often used to measure quality of care 8 ; however, surgical readmissions are not necessarily the result of complications, nor do they always reflect quality deficits. Identifying which readmissions are associated with surgical quality is difficult. We approached this challenge by convening a Delphi panel of experts in medical and surgical readmission to evaluate reasons for readmission among a cohort of veterans who underwent selected surgical procedures at VA hospitals and to identify which of these readmissions might signify a surgical quality problem. Delphi consensus processes aggregate expert input to identify areas of agreement and are commonly used to develop quality measures. 9, 10 Findings from such expert consensus proceedings have been used to establish valid and reliable criteria for explicit medical record review to identify potentially preventable readmissions. [11] [12] [13] We also assessed differences in readmission rates and patient and procedure characteristics between all readmissions in our sample of VA inpatient operations and those with consensus-defined surgical quality-related readmissions. We further examined procedurelevel differences in readmission rates between the overall and surgical quality-related cohorts. To our knowledge, this is the first study to use a Delphi consensus process to determine the proportion of surgical readmissions that may be associated with problems in surgical quality. These findings can inform efforts to develop validated quality metrics for surgical care.
Methods
We conducted a structured Delphi-based consensus process with clinical experts and a quantitative analysis of postoperative readmissions using VA administrative and clinical databases. We began broadly by assigning reasons for postoperative readmissions using codes from the World Health Organization's ICD-9. We presented these reasons to our Delphi panel to rate the surgical quality-relatedness of each readmission reason. We used the ICD-9-coded readmission reasons that met our standards for consensus and surgical quality-relatedness to define 2 groups of readmissions; those with potential surgical quality-related problems in the index hospitalization and those without. We then performed statistical analyses to address our study objectives. The VA Central institutional review board approved this research. Informed consent was waived and data were deidentified for the purposes of this analysis.
Data Sources
Veterans Affairs Surgical Quality Improvement Program data were used to identify patient demographics, preoperative comorbidities, operative characteristics, and postoperative complications.
14 Preoperative health care use, postoperative discharge destination, mental health diagnoses, laboratory test results, and vital signs data in the preoperative and postoperative period were obtained from the VA Corporate Data Warehouse, accessed through the VA Informatics and Computing Infrastructure. The Corporate Data Warehouse was also queried for all inpatient diagnoses occurring in the 30-day postsurgical discharge period to categorize reasons for readmission.
Study Population and Sampling Process
The study population included all VASQIP-assessed patients with inpatient surgical procedures performed at a VA Medical Center between October 1, 2007, and September 30, 2014 . To accurately assess postdischarge outcomes of readmission, patients who died during hospitalization were excluded from
Key Points
Question Can a modified Delphi process identify postoperative readmissions associated with surgical quality?
Findings In this modified Delphi consensus process study, 14 experts in medical and surgical readmissions built consensus on the association between postoperative readmissions and quality of surgical procedures using International Classification of Diseases, Ninth Revision codes. The panel's consensus was that one-third of postoperative readmissions are unlikely to reflect problems with surgical quality.
Meaning Restricting the definition of postoperative readmission to consensus-defined diagnosis codes might yield a more useful quality measure.
analyses. Patients with a length of stay less than 2 days or greater than 30 days were excluded from the final analytic data set to obtain a study sample representative of a surgical inpatient. The unit of analysis was the surgical procedure, and some patients underwent multiple operations during the study period. In these cases, only the first surgical procedure within a 30-day period was included in the analysis.
Categorization of Reasons for Readmission
Categories of reasons for readmission were developed using a multistep process examining the ICD-9 diagnosis codes from all inpatient readmissions occurring in the 30 days after the index surgery. Diagnosis codes were identified from the VA Corporate Data Warehouse. For the first step, the Agency for Healthcare Research and Quality Clinical Classifications Software (CCS) multilevel diagnosis categories were applied to the primary, secondary, and length-of-stay diagnosis codes for all readmissions. Three of us (R. H. H., T. W., and C. J.) independently reviewed the combinations of CCS categories, focusing on the most prevalent categories first, and determined an initial list of potential readmission reasons and definitions based on the CCS categories. The clinicians then convened to reconcile their lists of potential categories, incorporating each clinician's assessment of possible reasons for readmission. Specific ICD-9 diagnoses in addition to the CCS categories were provided to each clinician to help further specify reasons and confirm the appropriateness of reasons defined during the first review. Finally, combinations of primary and secondary diagnoses for the remaining uncoded readmissions were ranked from most to least prevalent, allowing clinicians to review and categorize less frequent reasons.
Delphi Process
We followed Delphi process guidelines established by the RAND-UCLA appropriateness model. 15 This approach uses 3 rounds of consensus building and a phone call between the first and second rounds to discuss responses. We recruited a convenience sample of 14 experts: general, vascular, and orthopedic surgeons; internal medicine physicians familiar with treatment of readmitted surgical patients; surgical quality nurses; and surgical social workers from VA and privatesector academic surgical facilities. The identity of panel members was kept confidential to ensure that each member felt free to agree or disagree with other members' responses. The questionnaire included instructions, readmissions reasons, broad ICD-9 disease categories (eg, bleeding or gastrointestinal tract problems), and the proportion of readmissions by reason with the median (interquartile range [IQR] ) number of days to readmission for each reason category.
In the first round, we provided a generic questionnaire; in the second and third rounds, the participants were given individualized questionnaires that presented them with their own previous responses as well as the mean, median, and range of the group's previous responses. The questions were the same in all 3 rounds.
Participants answered the following question for each readmission reason on a scale of 1 to 5 (1 = never related, 2 = unlikely to be related, 3 = either related or unrelated, 4 = likely related, and 5 = directly related to index quality): "Does the readmission reason reflect possible surgical quality of care problems in the index admission?" We established consensus as an IQR of 1 or less; we retained readmission reasons as related to surgical quality if consensus was reached and the median rating was 4 or greater.
Quantitative Analysis
For the final quantitative analyses, we applied our definition of surgical quality-related readmission to all readmissions in our study sample. Bivariate analyses assessed differences between readmission cohorts by patient demographic characteristics; preoperative, intraoperative, and postoperative procedure characteristics; and facility characteristics. An α of .05 was defined a priori, and χ 2 and unpaired t tests determined significant differences. Finally, we grouped surgical procedures into single-level CCS procedure categories and compared the procedures most frequently associated with any readmission with those considered surgical quality-related by the Delphi panel. All analyses were conducted using SAS version 9.2 (SAS Institute, Inc).
Results

Study Sample
Our sample comprised 340 858 inpatient surgical procedures and 39 664 readmissions (11.6%). Of the 25 521 patients with surgical quality-related readmissions, 1204 (4.7%) were female; 19 769 (77.5%) were of white race/ethnicity; and 4417 (17.3%) were of black race/ethnicity. The mean (SD) age among this subgroup was 65.5 (11.2) years. Of the 14 143 patients whose readmission was not associated with surgical quality, 740 (5.2%) were female; 10 770 (76.2%) were white; 2672 (18.9%) were black; and the mean (SD) age was 63.3 (11.5) years. The most prevalent types of surgical procedures were orthopedic, accounting for 29.8%; general, accounting for 27.3%; and vascular, accounting for 12.3% of all operations. These specialties had readmission rates of 8% (orthopedic), 13% (general), and 17% (vascular).
Readmission Reasons
The group of clinicians developed a list of categories, which identified reasons for 90% of the readmissions in our sample. This list included 50 distinct ICD-9 code-based categories ( Table 1 ). The most prevalent reasons for readmission included other fluid and electrolyte codes (19.7%), other mental health codes (16.5%), anemia (16.9%), pain-related codes (15.8%), and postoperative abscess/septicemia (15.3%). In the first round of the Delphi process, panelists disagreed about the categorization of 2 reasons: amputation neuroma or infection and injury/poisoning; in subsequent rounds, we divided these categories to create amputation neuroma and amputation infection and 6 categories of injury/poisoning. In total, 50 readmission reasons were rated by Delphi panelists.
Delphi Results
The Delphi panel included 14 experts: surgeons from general (n = 3), orthopedic (n = 1), vascular (n = 2), and colorectal (n = 2) specialties from within and outside the VA; 2 internal medicine physicians, 1 VA and 1 non-VA, both familiar with readmissions research; 2 VA surgical nurses; and 2 VA social workers familiar with postoperative patients. Panelists rated readmission reasons across 3 rounds and participated in 1 of 2 telephone calls between rounds 1 and 2 of the Delphi process. Table 1 presents the consensus results for each round of the Delphi process. In round 1, consensus was reached on 28 of the 42 readmission reasons (67%). Seven new readmission reasons were introduced in round 2 and consensus was reached on 18 of the 21 readmission reasons (86%). Thus, in round 3, 3 items were presented and there was 100% consensus. The eTable in the Supplement shows the final list of surgical qualityrelated readmission reasons and their ICD-9 codes.
Panelists were consistent in how frequently they changed ratings between rounds. Overall, ratings changed after the panelists discussed the readmission reasons on which consensus was not achieved during the phone call between rounds 1 and 2.
Comparison of Surgical Quality-Related and Any Readmission Cohorts
Of 39 664 postoperative readmissions, 25 521 (64%) had an ICD-9-coded reason for readmission that our Delphi panel considered to be associated with surgical quality. Among 340 858 inpatient operations performed during the study period, the surgical quality-related readmission rate was 7.5%. In comparing the surgical quality-related and unrelated groups, operations on older, male, and functionally dependent patients were more likely to have problems with quality. Surgical procedures with clean wound sites, shorter operative times, and shorter lengths of hospital stay were more common in the cohort with readmission reasons not associated with surgery ( Table 2) .
Comparison of Procedures Associated With Surgical Quality-Related and Any Readmission
The 25 most common surgical procedures in our sample accounted for 268 082 of all 340858 (78.6%) operations performed. We observed variation in readmission rates by procedure and in the proportion of the readmissions that could be attributed to surgical quality-related problems ( Table 3) . For example, cholecystectomy and common duct surgical exploration accounted for 1598 of 15 514 surgical procedures, with a 10.3% readmission rate; however, 853 (53.4%) of these readmissions were coded with a surgical quality-related reason by our Delphi panel. In contrast, there were 3538 readmissions after 24 338 colorectal resections, a 14.5% rate, and 2584 (73.0%) were coded with a surgical quality-related readmission reason. The surgical quality-related readmission rate differed from the overall readmission rate for every procedure commonly performed in our sample. Of procedures with the highest readmission rates, amputation of lower extremity and peripheral vascular bypass had readmission rates greater than 20% and surgical quality-related readmission rates of approximately 15%; however, transurethral excision, drainage, or removal of urinary obstruction had 793 readmissions from 3873 surgical procedures, a 20.5% overall readmission rate but 457 (11.8%) of the readmissions were related to surgical quality.
Ranking the procedures by readmission rate revealed consistently higher ranks for amputation of lower extremity, peripheral vascular bypass, and transurethral excisions and consistently lower ranks for arthroplasty procedures in overall as well as surgical quality-related readmissions. Within these bounds, however, there were shifts in rank when readmission rates were restricted to those deemed to be associated with surgical quality problems.
Discussion
The goal of this study was to use a consensus-based list of readmission reasons to compare the rate of overall readmission with the rate of surgical quality-related readmission. We looked at differences in patient and procedure factors as well as differences in the readmission rate for various surgical specialties and common procedures. In our sample, 64% of postoperative readmissions could be attributed to possible surgical qualityrelated problems and there were differences in patient and procedure characteristics between quality-related and unrelated readmissions. Although the procedures with the highest and lowest readmission rates were the same in both cohorts, many of the surgical procedures changed rank when readmissions were limited to those deemed surgical quality-related. Delphi processes for establishing expert consensus have been used to develop clinical quality measures and identify important processes of care associated with medical readmissions. 9, 10, 13 We extended these methods to the realm of surgical readmissions. Strengths of the Delphi process include the anonymous and iterative nature of the data collection, which allows for reasoned expert feedback with less bias from more forthright participants. 16 Selection of participants is critical to obtaining useful results, and we identified a variety of clinical experts familiar with surgical care, quality problems, and readmissions; however, it is possible that our Delphi panel was not sufficiently representative and that other clinical experts in surgery would have arrived at different conclusions. Therefore, Delphi findings should be considered an early step in establishing quality measures that needs further reliability testing.
17
In addition to conducting a Delphi process, we examined the differences in readmission groups if only the surgical quality-related readmissions were analyzed instead of all readmissions. We found key differences in intraoperative and postoperative characteristics between the 2 groups that reinforce the reliability of the Delphi panel's definition of surgical quality-related readmissions. We expected that in cases of quality-related postoperative readmission, potential problems would be evident before discharge, and we found higher rates of wound contamination and longer operative times in this group. These factors have been shown to predict surgical complications.
18,19
Our results have implications for quality measurement. The primary concern with using overall readmission rates to measure surgical quality is the likelihood that a fraction of readmissions reflect true quality-related problems. As we demonstrated by comparing the procedures associated with any readmissions with those associated with surgical qualityrelated readmissions, the types of procedures accounting for potential quality problems varies depending on the definition of readmission. A more precise approach to identifying quality-related readmissions may benefit health care systems and clinicians in their quality improvement efforts.
Limitations
Research has largely focused on medical readmissions, and this study is an important contribution to the surgical readmissions literature. However, our study has some limitations. Although the Delphi panel's definition of surgical qualityrelated readmission detected a different cohort of patients and identified different surgical procedures associated with these readmissions, the definition relied on ICD-9 coding. Previous studies indicate that ICD-9 coding-based detection of postoperative outcomes has limitations with respect to the reliability of the diagnosis code and the reason for admission. [20] [21] [22] Our readmission results were limited to care recorded in the VASQIP data and did not include all VA inpatient surgical procedures, per the VASQIP sampling methodology; however, VASQIP Although our study lays the groundwork for developing explicit record review guidelines, further work is necessary to confirm the reliability of the definition of surgical qualityrelated readmissions developed by the Delphi process and to determine whether this administrative coding-based methodology can be used for quality measurement.
Conclusions
Although the use of readmissions as a quality measure is controverisal, 24 they are a readily available outcome that can be used to compare performance across hospitals or to target quality improvement work. 3, 7 However, our analysis suggests that one-third of all postoperative readmissions are unlikely to be associated with surgical quality. Future research should examine whether focusing on readmissions for only those admission codes thought to identify surgical quality-related cases would yield a more useful measure of quality. This is the first step toward the development of a surgical readmission quality metric. however, Mull et al 2 emphasize that, unlike for patients with an index admission for medical treatment, all-cause readmission is not an appropriate indicator of quality of care for postoperative patients. In a modified Delphi process, a multidisciplinary panel assessed diagnosis codes related to 30-day postoperative readmission in a Veterans Affairs population and found that onethird of postoperative readmissions are unlikely to reflect deficiencies in surgical quality. Their findings are similar to those reported by Marks and colleagues 3 in a smaller pediatric population. As government and private payers implement pay-for-performance metrics, the current study cautions that not every surgical readmission reflects poor quality and not every readmission should be penalized. Mull and colleagues 2 highlight important nuances related to postoperative readmissions. Along with readmission diagnosis, patient factors such as comorbidities deserve equal attention. An otherwise healthy patient who presents with an abscess after an elective colectomy is markedly different from a patient receiving regular steroid therapy who presents with an abscess after an emergency colectomy for perforated diverticulitis. For the first patient, development of an abscess may reflect suboptimal care; for the second, a complication may be inevitable. Future work may be needed to refine exclusion criteria for some of the readmission diagnoses identified by Mull et al. 2 The definition of surgical quality-related readmission may ultimately evolve into a complex algorithm of inclusion and exclusion criteria, much like the Agency for Healthcare Research and Quality's patient safety indicators. By following a modified Delphi methodology, the authors avoid the tradition of individual eminence-based decision making. However, the potential limitation of a consensus approach must be acknowledged to avoid developing a "group think" mentality and to safeguard the diversity of opinions. Participants should be instructed that it is acceptable to agree to disagree. Nevertheless, the academic surgical community should follow the example set by Mull et al 2 in
presenting the key steps of the Delphi process in a transparent manner. The development of reporting standards for Delphi processes analogous to the CONSORT (Consolidated Standards of Reporting Trials) guidelines for evaluating the quality of randomized controlled trials will help readers assess the quality of the consensus process. 4 The work of Mull et al 2 has important implications and will allow us to more accurately assess responsibility for quality problems related to readmissions and develop more targeted interventions. Looking to the future, academic surgeons are primed to assess health care delivery through bridging health services research with innovative methodology to optimize the end results. 
